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ABSmCT 


Preparation  and  evaluation  of  urethane«urea  elastomers  were  continued  this 
second  quarter.  Based  on  work  performed  In  the  first  quarter,  dlchloro- 
henzldlne  (DCB)  and  toluene  dllsocyanate  vere  the  diamine  and  dllsocyanate 
chosen  for  the  bulk  of  the  vork.  !Die  amine  to  hydroxyl  ratio  vas  varied 
on  urethane -urea  elastomer  formulations  based  on  tvo  polyether  trlols,  a 
^200  molecular  «el£^t  polypropylene  ether  trlol  and  a  7000  molecular  velc^t 
polyether  trlol  containing  a  large  percentage  of  ethylene  oxide.  The  amine 
to  hydroxyl  ratio  vas  varied  from  1.5  to  2.5  In  the  series  based  cm  the 
former  trlol,  from  I.5  to  10  on  the  latter  trlol.  !Qiere  vas  surprisingly 
little  variation  In  torsional  modulus  at  -55*C  with  variations  In  amine  to 
hydroxyl  ratio,  even  over  the  range  from  I.5  to  lO.O/l.  However,  as  the 
amine  to  hydroxyl  ratio  Increased  from  I.5A  to  lO/l,  the  room  temperature 
torsional  modulus  Increased  from  260  to  5200.  Introduction  of  ethylene 
oxide  Into  the  polyether  chain  decreases  the  oil  absorption  at  the  e^gpexise 
of  Increased  water  absorption. 
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INTRODUCTION 


Diere  are  military  needs  for  materials  that  are  chemical  and  oil  resistant 
and  possess  elastomeric  properties  over  a  broad  range  of  climatic  condltioas 
ranging  from  that  enco\intered  in  the  tropics  to  the  arctic  regions.  Many 
commercial  urethane  elastomers  possess  properties  vdilch  make  them  serviceable 
under  noxmal  or  more  prevalent  conditions.  Hovever,  they  do  not  possess  the 
combined  pr<^rtles  of  low  temperature  flexibility  and  oil  resistance. 


Qie  objective  of  this  program  is  the  development  of  a  urethane  elastomer(s) 
with  the  following  target  properties: 


a.  Tensile  Strength  -  1200  psi.  Min.  (ASOM  d412). 

b.  Ultimate  Elongation  -  aOOjt  Min.  (ASIM  d412). 

c.  Conqpresslon  Set,  ASIM  D^93f  Method  B, 
after  70  Hrs.  at  212*F.  -  Max.  JOjt. 

d.  Compression  Set,  ASTM  D1229, 
or  Hrs.  at  -67*C.  -  Max.  503&. 

e.  Oil  Swelling,  AS1M  No.  3  dl 

70  Hrs.  at  212*F.  -  limits  0  to  lOjt  (ASIM  D>f7l). 

f .  No  cracks,  breaks,  fissxires  after  testing  In 
accordance  with  AS!IN  07^6  at  •67*F. 

g.  Yoxmg's  Modulus  of  Elasticity  at  •  67*F. 

Max.  10,000  psi.  (ASTO  131055). 

h.  Uhcured  and  cured  elastomers  shall  be  stable  for  extended 
periods  of  storage  at  ambient  temperatures.  little  or  no 
change  In  properties  shall  be  observed  after  storage  for 
periods  up  to  2  years.  -  Max.  10^. 

1.  Vulcanlzates  of  the  elastomer  shall  show  retention  of  a 
minimum  of  7^^  of  original  tensile  axid  elongation  after 
70  hours  In  a  clrc\ilating  air  oven  at  212*F.  (ASTM  D573*^3)> 


Althou^^  the  final  elastomerCs)  are  not  limited  to  the  above  target  prpper- 
I  ties,  the  key  targets  for  achievement  are  (e)  and  (g). 
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A  review  of  the  properties  of  xirethane  elastomers  \Ailch  had  previously 
heen  developed  at  V^/andotte,  revealed  a  trend  towards  Iniproved  low  tenqper- 
ature  flexibility  \dien  higher  molecular  weight  polyether  polyols  were  used. 
Theoretical  considerations  indicated  that  if  higher  molecxilar  vel^^t  poly* 
ether  polyols  were  to  be  used,  the  low  temperature  flexibility  perfozmance 
could  be  improved.  Oil  resistance  requirements  were  met  by  certain  Wyandotte 
developed  polyether  elastomers  based  on  lower  molecular  weight  polyether 
polyols.  However,  as  the  polyether  molecular  vel^t  increased,  the  oil  re¬ 
sistance  dropped.  A  survey  of  the  open  urethane  literature  and  data  from 
Vyandotte  urethane  research  revealed  that  solvent  (oil)  resistance  may  be 
liiq>roved  by  a  nvimber  of  factors,  including  types  of  diamine,  dllsocyaziate 
and  polyol  \ised  and  variations  of  same.  The  problem,  in  view  of  the  above 
considerations,  has  been  resolved  to  gaining  low  temperature  flexibility 
by  the  use  of  hlf^  molecular  weic^t  polyether  polyols  and  investigating 
\diich  of  the  factors  that  improve  the  solvent  (oil)  resistance  does  not 
appreciably  affect  the  low  ten^rature  flexibility. 

During  the  first  quax^r  a  statistically  designed  set  of  esqperlments  investi¬ 
gating  ^  variables  at  two  levels  were  completed.  This  investigation  was 
based  on  the  above  considerations.  Two  aronatic  diamines  (MCXA  and  DCS) 
were  conqpared  at  two  levels  of  amine  to  hydroocyl  ratio.  Two  aronmtlc  dl- 
isocyanates  (TDI  and  MDI)  at  two  levels  of  concentration  were  also  coqpared. 
Two  polyols  of  1^00  equivalent  weic^t  were  utilized  to  round  out  the  five 
variables.  These  polyols  are  PLURACQL  TP>4^2  and  Teracol  ^0.  The  use  of 
ortho  dichlorobenzidine  (DCB)  at  a  l.$  NBs/CH  ratio  in  conhlnatlcn  with 
tolylene  dllsocyanate  and  the  polypropylene-ethylene  ether  triol  came  the 
closest  to  meeting  the  Amy  specification  for  an  oil  resistant  rubber  with 
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good  low  tenqperature  flexibility. 

During  this  quarterly  period,  trends  indicated  by  analyses  of  the  above 
work  were  investigated. 
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EXFERBemL  PROCEDURE 

Cie  e3q)erliQental  procedure  follovied  during  this  report  period  vas  essentially 
the  same  as  previously  described.  !Ehe  use  of  this  technique  vas  continued 
becavise  It  Is  a  convenient  method  for  a  rapid  evaluation  of  a  variety  of 
candidate  systems,  since  all  of  the  Intermediates  or  conqponents  can  be  pro* 
cessed  In  the  liquid  state*  Polyol  diamine  blends  containing  moisture  tend 
to  cause  Imperfections  In  the  molded  parts  due  to  carbon  dioxide  formed  by 
the  vater-lsocyanate  reaction.  The  polyol -diamine  blends  viere  stripped  of 
vater  by  heating  them  at  120*C  for  2  hours  under  a  vacuum  of  3  mm  Hg. 

The  polyol-dlamlne  blends  vere  veiled  Into  l6-ounce  vlde-mouth  bottles 
under  anhydrous  conditions  at  room  temperature.  0.02^  part  of  stannous 
octoate  catalyst  vas  added  to  the  polyol-dlamlne  blend  and  the  mixture 
degassed  for  1^  minutes  under  a  vacuum  of  ^  mm  Hg  \dille  mixing  vlth  a 
magnetic  stirring  bar.  A  measured  amount  of  tolylene  dllsocyanate  >ias 
added  to  the  reaction  mixture  vhlle  agitating  under  vacuvm.  Mixing  under 
vacuum  vas  continued  for  about  30  seconds.  The  vacu\ai  vas  then  broken  and 
the  liquid  casting  elastosKr  vas  poured  Into  molds.  The  elastomers  vere 
cured  for  2  hours  at  100*C.  They  vere  then  removed  from  the  molds  and  post 
cured  22  hours  at  100*C. 

The  above  procedure  vas  modified  by  elevating  the  temperature  to  ca.  60*C 
vhen  MDI  and  Tsracol  30  vere  used  In  the  fonmilatlon. 

A  quasl-prepolymer  method  vas  developed  to  handle  fast-reacting  dllsocyanates 
that  are  solid  at  room  teiqperature.  A  liquid  quasl-prepolyiser  is  prepared 
by  reacting  the  dllsocyanate  vlth  the  polyol  for  one  hour  at  80*C  at  a  4/l 
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NHa/OH  ratio.  The  quafll-prepolyioer  thiis  may  be  mixed  at  room  temperature 
vlth  the  polyol-diamine •stannous  octoate  catalyst  blend  and  cured  following 
the  proced\ire  for  one  shot  cast  urethane  elastomers  described  above. 


RESULTS  AND  DISCUSSIGN 


Table  I  lists  test  data  for  a  series  of  elastomers  based  on  a  5200  molecvilar 
veii^t  poJyoxyprppylene  triol,  toluene  dlisocyanate  (TDl),  and  varying 
amounts  of  dlchlorobenzldlne  (DCS)  from  I.5/I  to  2.5/I  NHg/OH  ratio. 

Table  II  lists  similar  data  for  a  series  of  elastomers  based  on  7000  molec* 
ular  vel£^t  trlol  containing  large  amounts  of  etbylene  oxide,  TDI  and  DCS, 
varying  the  MHa/OH  ratio  from  I.5A  lO/l.  The  highly  hydrpidilllc  7000 
molecular  velc^t  trlol  vas  used  because  it  vas  a  convenient  source  of  hlf^ 
molectilar  vel^^t  polyether,  was  compatible  at  hl^  ratios  of  amine  to 
hydroxyl,  and  peznltted  an  Investigation  of  the  effect  of  hl{^  ethylene 
oxide  content  on  the  oil  resistance. 

Figures  1,  2  and  3  Illustrate  the  effect  of  temperature  on  the  torsional 
modulus  of  these  elastomers.  As  the  amine  to  hydroxyl  ratio  increased,  the 
water  and  oil  swell  resistance  and  the  mechanical  strength  Improved, 

\<hile  the  torsional  modulus  at  any  given  tenqperature  increased.  However, 
the  slopes  of  the  torsional  modulus  curves  decreased.  This  means  that  the 
torsional  modulus  was  less  affected  by  temperature  change  at  the  hle^er 
amine  to  hydroxyl  ratios.  Ohe  ethylene  oxide  trlol  based  elastomers 
had  excellent  oil  swell  resistance,  but  poor  moisture  absorption. 

Table  III  lists  the  properties  of  assorted  elastomers  including  an  explor- 
atozy  effort  to  investigate  use  of  various  polyol  bases  and  comblnationa . 
Elastomers  PR-l60if-C  and  PR-I605-C  investigated  the  effect  of  a  tertlazy 
amine  based  trlol  and  tetrol  on  properties  of  the  resultant  elastomer. 
Elastomers  PR-I606-C  and  FR-I606-H  investigated  the  effects  of  a  70/3O 
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blend  of  the  polyoocypropylene  trlol  and  a  6000  molecular  weight  ethylene 
oxide  dlol.  Elastomer  PR-l6l2>H  is  an  elastomer  prepared  using  dlanisldlne 
as  the  diamine.  The  tertiary  amine  based  elastomers  were  similar  in  low 
temperatvure  torsional  modxiliis  to  similar  polymers  made  without  tertiary 
amine.  This  is  probably  due  to  the  fact  that  only  a  small  percent  of 
tertiary  amine  was  in  these  elastomers.  The  tetrol  based  elastomer  had 
less  desirable  low  temperature  modulus  than  the  trlol  based  one,  probably 
due  to  the  increased  cross-linking.  The  elastomers  containing  the  6000 
molecvilar  weight  ethylene  oxide  dlol  had  improved  low  temperature  modulus 
^en  compared  to  the  similar  elastomer,  PR-I606-D,  Table  I,  that  contained 
no  ethylene  oxide  polymer.  The  oil  absorption  was  also  considerably  im¬ 
proved,  but  at  the  expense  of  Increased  moisture  absorption.  The  Iniprove- 
ment  in  low  tenperature  modultis  was  probably  due  to  the  Increased  linearity 
and  the  higher  equivalent  weight  of  the  ethylene  oxide  based  polymers.  The 
use  of  dlanisldlne  as  the  diamine  Instead  of  dlchlorobenzldine  had  an  ad¬ 
verse  effect  on  the  low  temperature  torsional  modulvis,  and  also  increased 
the  room  tenqperatxire  modulus  considerably. 

Attempts  were  made  to  prepare  a  uz«tbane-urea  elastomer  from  a  ^000  molecular 
weight  polyoxypropylene-oxyethyleue  block  polymer  containing  40j(  ethylene 
oxide,  but  the  material  was  difficult  to  process,  cracking  in  the  mold. 
Initial  efforts  to  use  £-i^enylene  diisocyanate  in  one  shot  urethane-urea 
elastomers  were  unsuccessful  due  to  processing  difficulties  arising  from 
the  high  melting  point  and  hi^  reacts  vlty  of  this  material.  A  quasi -pre- 
polymer  technique  using  this  diisocyanate  has  largely  eliminated  these 
difficulties  and  will  be  used  to  evaluate  other  diisocyanates. 
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t/lbie  I 


Effect  of  HHa/CH  Ratio  on  Prc^rties  of 
Experimental  Trlol  5200-TDI-DCB  Elastomers 


Pagination  No.  PR-l6o6"  D  F  E  J  I 


Polyol:  Experimental  Trlol  ^200 
Diiaocyanate:  TDI 
Diamine:  DCS 


NH2/OH  Ratio 

1.5 

1-75 

2.0 

2.25 

2.5 

Original  Properties 
Stress-Strain 

Tensile  Strength,  psi 
Ultimate  Elongation,  ^ 
Modulus,  100^ 

5O05t 

Hardness,  Shore  A 

1,300 

1,010 

420 

6S0 

78 

1,480 

680 

600 

920 

84 

1,310 

730 

590 

860 

85 

1,730 

560 

780 

l,l4o 

88 

1,200 

760 

780 

1,160 

90 

Environmental  Properties 
Compression  Set,  Method  B, 
70  hrs  at  212 ‘F 

20.3 

25.8 

26.5 

27.8 

ASIM  No.  3  Oil, 

70  hrs  at  212*F 

Wt.  Change,  ^ 

Vol.  Change, 

55.9 

41.7 

30.3 

35A 

29.0 

33.9 

26.1 

23.1 

24.5 

29.0 

Water  Absorption,  24  hrs 
at  75*F,  Wt.  Change,  i» 

2.3 

2.5 

2.2 

2.1 

2.0 

Torsional  Modulus,  Q(Eo3Q) 
-55*C 
-50*C 
-45*C 

40,200 

18,400 

7,500 

51,100 

40,300 

21,900 

54,500  ' 
41,200  i 
10,600 

888 

ea 

69,600 

52,800 

16,700 

Temp,  tdxere  E  >■ 

10,000  pal,  *0 

-39 

-38 

-37 

-29 

>  -25 

I 
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PrODertles  of  Assorted  BiQplorstory  One  Shot  Urethane.Tirea  ieiAat.nM»T>a 

FsglnatiOQ  No. 

FR-1606.L 

PR-I606-N 

PR-I612-H 

Polyols 

Trlol  5200  70)1 
Pluracol  E-6000  3^ 

Trlol  7000 

DUsocyanate 

TDI 

TDI 

TDI 

ULamlne 

DCB 

DCB 

DLanlsldlne 

NHa/CE  RaUo 

1.5 

2.0 

1.5 

Qrlffliial  Properties 
»res8>Strain 

Uxtlmste  Strength,  psl 

752 

540 

270 

mtlnate  Elongation,  $ 

l6o 

l4o 

185 

Modulus,  lOOj^ 

485 

452 

178 

Hardness,  Shore  A 

Environnental  Properties 
Coqpresslon  dei,  Meikod  B, 

68 

75 

47 

70  hrs  at  212^F 

ASOt  No.  3  011 

70  hrs  at  212*F 

69 

22 

Wt.  Change,  ^ 

Vol.  Change,  $ 

14.6 

9.4 

U.l 

Mater  Absorption,  24  hrs 

at  7$  F,  Wt.  Change,  $ 

18.8 

22.8 

213.4 

Torsional  Modulus  0(1*30) 

-55*C 

64,000 

63,000 

64,000 

-50*C 

u,6oo 

25,000 

46,000 

-45*C 

2,100 

7,000 

20,000 

25*c 

540 

^0 

476 

Taav.  ehere  1  >  10,000 

Prt,  *0 

-  47 

-  42 

-  38 
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O/lOOO, 
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TORSICHAL  MODULUS,  o/lOOO,  Ibs./sq. 


PIQURE  5 


x3. 


rorore  work  proqram 


A  progran  for  next  quarter  haa  been  outlined  below.  Althou^^  it  la  antlc« 
ipated  that  work  In  each  of  the  parts  listed  below  will  be  coaqpleted  in  the 
third  quarter,  it  is  anticipated  that  additional  eiqpezlinentatioci  along  the 
general  lines  sientlaned  in  these  parts  will  be  continued  in  the  fourth 
quarter. 

Our  work  has  illustrated  the  najor  effect  of  type  of  diisocyanate  and  dianlne 
on  oil  resistance  and  low  tsBqperature  flexlblll'ty.  2^  variations  in  the  l^pe 
of  each  of  these  variables  as  listed  in  Parts  I  and  II,  it  is  to  be  expected 
that  a  characteriaation  of  the  effect  of  type  of  substitution  on  the  aromtic 
rings  and  para  vs.  nets  positioning  of  the  functional  groups  will  be  accosi- 
pliahed.  Also,  it  is  hoped  that  if  any  of  the  dlasdnes  containing  both 
anine  groups  on  the  sane  benaene  ring  are  suitable  for  use  in  casting  ure- 
thanselastoBwrs,  better  low  teaperature  properties  will  be  realised. 

Parts  III,  IV  and  VI  will  be  run  during  the  remaining  two  quarters  of  the  con¬ 
tract  as  suitable  materials  become  available,  lb  Part  V  it  is  hoped  that  by 
blending  polyester  in  with  the  polyether  polyols,  it  may  be  possible  to  gain 
oil  resistance  without  adyeraely  affecting  the  low  temperature  properties. 

I.  Other  Diisocyanates  Using  the  Quaai-Prepolymar  gischnique 

A.  £-Rienylene  diisocyanate 

B.  1,  $-llaphthalane  diiaooyanate 

C.  Bltolylene  diisocyanate 

D.  Dtanlsidine  diisocyanate 

I.  Other  candidate  diiaooyanates 
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II.  Other  PlamlneB 

A.  £>£'-Dlainlno«dlpheDyl  sulfone. 

B.  £-Rienylene  diamines  containing  negative  substitution, 
on  the  benzene  ring. 

C.  m-Fhenylene  diamines  similar  to  II>B. 

D.  Other  candidate  diamines. 

III.  Elaatosters  Based  on  Other  Heterogeneous  High  Equivalent  Weigdit 
PUIRACOLS  Containing  Assorted  Alhylene  ttcldas. 

IV.  Elastomers  Based  on  Assorted  Alhylene  (bclde  Block  Polymers. 

V.  Blends  of  Polyester  and  Polyether  Polyols  in  Elastomers. 

VI.  Blends  of  Hitdi  Moleevdar  Weigd^t  Polyether  Polyols  and  Assot^d, 
Low  Molecular  Vele^t  Polyols. 


I 
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APFBMDK  I 

I.  Aromatic  Diamines 

A.  o-DLchlorobenzidine  (DCB) 

B.  Dianiaidine 

II.  Aromatic  Dlisocyanatea 

A.  Tol\iene  diisocyanate  (TDI).  80/20  2,4/2>6-i8omer  ratio. 

B.  Para-Rienylene  diisocyanate. 

III.  Catalysts 

A.  Stannous  octoate 

IV.  Polyols 

A.  Triol  ^200.  A  ^200  molecular  wei^t  polypropylene 
ether  triol. 

B.  Triol  7000.  A  7000  molecular  wsic^t  polyether  txlol. 

C.  PIUBACOL  E«6000.  A  6OOO  molecular  weic^t  ethylene  oocide  diol. 

I 

! 
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